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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. ' 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the trench separation approach in semi- 
conductor processing. 
[0002] 

[Description of the Prior Art] An integrated circuit is accumulated chemically and physically by 
substrates, such as a silicon wafer, by carrying out patterning of the field of a substrate, and 
carrying out patterning of the layer on a substrate. The above-mentioned field and a layer can 
be made into conductivity, and a conductor and resistance can be manufactured. Moreover, the 
conductivity of a type which is different in the above-mentioned field and a layer can be given, 
and this is a transistor and requirements indispensable to manufacture of diode. When forming 
into a substrate, various circuit elements, i.e., device, it is necessary to separate namely, insulate 
such a device of each other. 

[0003] In case an integrated circuit is manufactured, the various techniques for insulating 
electrically the device formed into the bulk substrate have been developed. The technique of a 
certain developed common knowledge omits partial oxidation (LOcal Oxidation of Silicon) of 
silicon, is called LOCOS separation, and forms the oxide of a half-hollow mold in the non active 
(or field) field of a substrate in this technique. The principle of the LOCOS method is growing, up 
an oxide into a desired field field alternatively. Growth of such oxide is performed by covering an 
active field by the film of silicon nitride, and the film of the above-mentioned silicon nitride 
prevents that oxidation takes place under it. The layer of a nitride exposes up patterning and the 
silicon field by which it is etched and a field oxide is needed in it, and is grown up. Then, a wafer 
is exposed on oxidation conditions. An oxidant grows up to be a part without a masking nitride. 
However, in the periphery section of masking of a nitride, that oxide is spread a little in the side. 
[0004] Thereby, an oxide grows under the periphery section of a nitride and this periphery 
section is raised. The configuration of the oxide of the periphery section of a nitride forms the 
wedge of the oxide which inclines gently, and this wedge joins the oxide layer of a lower layer 
pad. The above-mentioned wedge is called the beak (bird's beak) of a bird. It elongates to the 
side of field oxide and the beak of a bird goes into the active field of a device. One of such the 
faults of separation technology is producing the field oxide which has the dimension of the 
longitudinal direction where the beak of the above-mentioned bird is bigger than the lower limit 
of the photograph function it being used in order to form mask opening in a nitride. 
[0005] Therefore, it takes for the geometric configuration of a device to approach a submicron 
dimension, and the effectiveness of the usual LOCOS separation technology approaches the 
limitation, and CMOS and the alternative separation process for bipolar techniques are needed. 
There is trench separation as one of such the techniques. In this technique, it fills up, and the 
separated trench is perpendicularly arranged in a substrate, and separates namely, insulates the 
electric device in the both sides of this trench. This invention relates to the art for forming the 
substrate separation trench like **** 

[0006] The trouble accompanying the technique is explained to a separation trench technical list 
with the conventional technique with reference to drawing 1 thru/or drawing 5 . Drawing 1 shows 
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the semi-conductor substrate 10 which consists of a bulk substrate 12, a film 14 of pad oxide, 
and a layer 16 of a photoresist. Patterning of the photoresist layer 16 will be carried out, it will 
form the cont^ict opening 20, and the trench which penetrates this will be formed in this opening. 

[0007] If drawing 2 is referred to, the pad oxide layer 14 and the bulk substrate 12 will be etched 

like illustration, and will form dead air space 22, i.e., a trench. 

[0008] Reference of dra wing 3 is growing up the layer 24 of Si02 in a trench 22. 

[0009] Like illustration, the additional separation implant 26 can also be formed in the base of a 

trench 22. For example, when the bulk substrate 12 consists of silicon with which the device of n 

channels will be formed (p-), the implant 26 can be made into the implant (p+) and the electric 

separation effectiveness, i.e., the insulating effectiveness, can be further brought about between 

the circuit elements which should be formed in the both sides of a trench 22. Before the implant 

generally removes the mask layer shown in drawing 1 , it is prepared. 

[0010] If drawing 4 is referred to, the layer 28 which consists of a trench packing material would 
be formed in the crowning of a wafer, and will be filled up with the trench 22. The ingredient of a 
layer 28 can be used as the polish recon which has filled up with the volume of a trench 22, 
an oxide, or other ingredients. It is not necessary to necessarily make the ingredient of a layer 
28 into an insulating material. The reason is that the layer 26 of oxide brings the electric 
insulating effectiveness to the field of the side of a trench 22. Generally such a layer is 
deposited in the shape of conformal, and forms the part 30 of a hollow like illustration, i.e., a V 
character mold. 

[0011] If dra w i n g 5 is referred to, a layer 28 will be exposed by proper etching and will be 
removed to the point of leaving the trench 22 with which it filled up in general. However, 
generally partial 30a of a V character mold remains like illustration also after etching with the 
property deposited in the shape of [ of a layer 28 ] conformal, and this is not desirable. 
[0012] 

[Problem(s) to be Solved by the I nvention] It is desirable to improve the above~rnentioned 
technique and other above-mentioned techniques which form a substrate separation trench 
[001 3] 

[M eans for Solving the Problem] According to the description with this invention, the semi~ 
conductor art for forming a substrate separation trench The process which prepares on a 
substrate the layer which has the selected thickness and consists of the selected ingredient, 
The process which prepares the sacrifice layer which has the selected thickness and consists of 
the selected dirty stop ingredient on the layer which consists of the ingredient by which 
selection was made [ above-mentioned ], The process which etches into a patterning list into 
the above-mentioned substrate through the layer which consists of the above-mentioned 
sacrifice layer and the ingredient by which selection was made [ above-mentioned ], and forms a 
separation trench. The process which the upper part list of the above-mentioned substrate is 
made to deposit the trench packing material which has the selected thickness into the above- 
mentioned separation trench, and is filled up with the above-mentioned separation trench. The 
above-mentioned sacrifice layer is etched from the process which carries out flattening etching 
of the above-mentioned trench packing material, and the above-mentioned substrate, using the 
above-mentioned sacrifice layer as an effective dirty stop for performing flattening etching. By 
this It has the process which leaves the pillar of the trench packing material which projects 
upwards relatively to the top face of a substrate, and the process which etches alternatively the 
above-mentioned pillar which carries out a protrusion to the top face of . the above-mentioned 
substrate. 

[0014] If it says to a detail, according to another description of this invention, furthermore, the 
approach for forming a substrate separation trench The process which prepares on a substrate 
the layer which has the thickness as which the 1st was chosen and consists of the 1st 
ingredient. The process which prepares the layer which has the thickness as which the 2nd was 
chosen and consists of polish recon above the above-mentioned substrate, The process which 
prepares the sacrifice layer which has the thickness as which the 3rd was chosen and consists 
of the selected dirty stop ingredient which can be etched alternatively to polish recon on the 
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layer which consists of the above-mentioned polish recon, The process which etches into a 
patterning list into the above-mentioned substrate through the above-mentioned sacrifice layer, 
the layer which consists of the above-mentioned polish recon, and the layer which consists of 
the 1st ingredient of the above, and forms a separation trench, While making the layer which 
consists of the oxide which can be etched alternatively to the above-mentioned dirty stop 
ingredient deposit to the thickness from which the 4th was chosen above the above-mentioned 
substrate The process which is made to deposit into the above-mentioned separation trench, 
and is filled up with this separation trench. The process which carries out flattening etching of 
the above-mentioned trench packing material, using the above-mentioned sacrifice layer as an 
effective dirty stop for performing flattening etching, The above-mentioned sacrifice layer is 
alternatively etchetd from the above-mentioned substrate to the layer which consists of the 
above-mentioned trench restoration oxide and the above-mentioned polish recon. By this The 
process which leaves the pillar of the oxide which projects upwards relatively to the layer which 
consists of polish recon, It has the process which etches alternatively the above-mentioned 
pillar which carries out a protrusion to the layer which consists of the above-mentioned polish 
recon. and the process which etches the layer which consists of the above-mentioned polish 
recon alternatively to the 1st ingredient of the above, and the above-mentioned trench 
restoration oxide from the above-mentioned substrate. 

[0015] According to still more nearly another description of this invention, the approach for 
forming a substrate separation trench The process which prepares on a substrate the 1st layer 
which has the thickness as which the 1st was chosen and consists of an oxide, The process 
which prepares the sacrifice layer which has the thickness as which the 3rd was chosen and 
consists of the selected dirty stop ingredient which can be etched alternatively to oxide on the 
above-mentioned oxide layer which consists of polish recon. The process which etches into a 
patterning list into the above-mentioned substrate through the layer which consists of the 
above-mentioned sacrifice layer and the above-mentioned oxide, and forms a separation trench, 
While making the layer which consists of the polish recon which can be etched alternatively to 
the process which prepares the insulating layer which coats a trench into the above-mentioned 
trench, and the above-mentioned dirty stop ingredient deposit to the thickness from which the 
4th was chosen above the above— mentioned substrate The process which is made to deposit 
into the above-mentioned separation trench, and is filled up with this separation trench. The 
process which carries out flattening etching of the above-mentioned trench restoration polish 
recon, using the above-mentioned sacrifice layer as an effective dirty stop for performing 
flattening etching. The above-mentioned sacrifice layer is alternatively etched from the above- 
mentioned substrate to the 1st layer which consists of the above-mentioned trench restoration 
polish recon and the above— mentioned oxide. By this It has the process which leaves the pillar of 
the polish recon which projects upwards relatively to the 1st layer of the above which consists 
of an oxide, and the process which etches alternatively the above— mentioned pillar which carries 
out a protrusion to the 1st layer which consists of the above-mentioned oxide 
[0016] 

[Example] With reference to a drawing, the desirable example of this invention is explained below. 

[0017] If it explains to a detail more with reference to drawing 6 thru/or drawing 13 , the whole 
semi-conductor substrate in down stream processing with this invention is shown by the 
reference mark 30, and a part of this semi-conductor substrate consists of big substrate 
ingredients 32, i.e., a bulk substrate. As for the bulk substrate 32, generally, it is desirable to 
consist of silicon (that is, for dopant concentration 2x1015 atom / cm3) which received slight 
conductive doping processing. The 1st ingredient layer 34 is formed in the crowning of the bulk 
substrate 32 so that it may have the thickness as which the 1st was chosen. As for the layer 34 
of this example, it is desirable to consist of oxides of the Si02 grade vapor-deposited [ were 
vapor-deposited and it heat-grew up ]. As for the thickness as which the above 1st was chosen, 
it is desirable that it is about 500A from about 100A. 

[0018] The 2nd ingredient layer 36 is formed on a layer 34 in the upper part of a substrate so 
that it may have the thickness as which the 2nd was chosen. The 2nd ingredient layer 36 can be 
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alternatively etched to the 1st ingredient layer 34. As an example, a desirable ingredient is polish 
recon, and, as for the thickness as which the above 2nd was chosen, it is desirable that it is 
about 1000A from about 100A. In the following publications, it explains as that to which a layer 
36 form's the top face 37 of a substrate. 

[0019] The sacrifice layer 38 which consists of the selected dirty stop (etching halt) ingredient is 
formed on the 2nd ingredient layer 36 in the upper part of a substrate so that it may have the 
thickness as which the 3rd was chosen. As for a dirty stop ingredient, it is desirable to be able to 
etch alternatively to the 2nd ingredient and to consist of nitrides like Si3N4. As for the thickness 
as which the above 3rd was chosen, it is desirable that it is about 3000A from about 500A. 
[0020] If drawing 7 is referred to, patterning is carried out, and sequential etching will be carried 
out and the sacrifice layer 38, the 2nd ingredient layer 36, the 1 st ingredient layer 34, and the 
bulk substrate 32 will form the separation trench 40. If required, the implant 26 of the 
conventional technique shown in drawing 3 and the same separation implant can be prepared in 
the base of a trench 40. 

[0021] It is filled up with the interior of the separation trench 40, while the trench packing 
material layer 42 will deposit above a substrate so that it may have the thickness as which the 
4th was chosen if dra wi ng 8 is referred to. A trench packing material can be alternatively etched 
to the 2nd ingredient, and can also etch the 2nd ingredient alternatively to a trench packing 
material. Moreover, a dirty stop ingredient can be alternatively etched to a trench packing 
material. The example of the desirable trench packing material in this example is an oxide like 
Si02. Such an oxide can be made to deposit with the technique of the common knowledge like 
TEOS vacuum evaporationo, and can be doped in boron and/or Lynn if needed. As for the 
thickness as which the above 4th was chosen, it is desirable that it is about 3000A from about 
2000A according to the dimension of a trench. For example, if a trench becomes shallow, the 
thickness as which the desirable 4th was chosen will also become thin. 

[0022] If drawing 9 is referred to, the sacrifice layer 38 is used as an effective dirty stop for 
flattening etching, and the flattening etching technique is given to the layer 42. The very 
desirable flattening etching technique in this invention is polish (CMP) like chemical machinery. 
The example of a CMP slurry in case a layer 42 consists of oxides and a layer 38 consists of 
nitrides is a slurry which contains Si02 of abrasiveness in KOH. Such a slurry brings about the 
etch rate of 0.3 microns per for 1 minute, and forms the structure shown in d rawin g 9 . 
[0023] If drawing 10 is referred to, the sacrifice layer 38 is relatively etched from a substrate 
alternatively to the 2nd ingredient layer 36 and trench packing material 42, and the pillar 44 of 
the trench packing material which projects in the upper part from the 2nd ingredient layer 36 is 
left behind. Thus, the sacrifice layer 38 is etched from a substrate and the pillar of the trench 
packing material which projects upwards relatively to the top face of the substrate like a front 
face 37 is formed. 

[0024] If djawing^l 1 is referred to, the projecting pillar 44 was relatively etched alternatively to 
the top face 37 of a substrate corresponding to this to the 2nd ingredient layer 36, and the 
ingredient 42 remains into the trench 40. As for such etching, like illustration, it is desirable to 
perform by etching a pillar 44 to the upper height higher than the top face of the silicon 
substrate ingredient 32 namely, whose 2nd ingredient layer 36 is a lower part immediately. 
[0025] Reference of drawing 1 2 etches the 2nd ingredient layer 36 from the substrate 
alternatively relatively to the 1st ingredient layer 34 and trench packing material. The example of 
etching conditions in case a layer 36 consists of polish recons is using the chemical action of 
wet polish recon HF / HN03/H20 which shows the selectivity which was excellent to the oxide. 
[0026] If drawing 1 3 is referred to, dealing with a layer 34 and this etc. is by carrying out. the 
trench ingredient 42 of thickness is etched, and a separation trench 40 like illustration is brought 
about. 

[0027] The alternative ■"process of this invention is shown in drawing 14 thru/or drawing 1919 . In 
the proper range, drawing 6 thru/or the same reference mark as the reference mark of the layer 
of the example of drawing 13 are used. Drawing 1414 shows alternative substrate 30a in which 
the trench 40 is formed. The point that the example of drawing 14 differs from the 1st example 
shown in drawing 7 is that the polish recon layer like the layer 36 of drawing^^^^ is not prepared at 
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all. Other layers are as being shown in the example of draw^^^^ thru/or drawing 13 . If required, 
the implant of the conventional technique shown in drawing 3 and the same separation implant 
can be prepared in the base of a trench 40. 

[0028] Reference of drawing 1 5 forms the trench coating 50 made from an insulating material in 
the side attachment wall of a trench, and the perimeter of a base at the inside list of the side 
attachment wall of a trench 40. It is made to grow up by making oxidation conditions expose 
substrate 30a, i.e., the trench coating 50 can be formed. 

[0029] If drawing 1 6 is referred to, layer 42a of a trench packing material with desirable being 
formed from polish recon has accumulated to the thickness as which the 4th was chosen. Since 
layer 42a consists of polish recons formed from the same main ingredients as the bulk substrate 
32 of silicon in this example, the trench coating 50 of the ingredient insulated namely, separated 
was formed, and the bulk substrate 32 (silicon) has prevented contacting polish recon ingredient 
42a in a trench 40. 

[0030] When drawin g 17 is referred to, layer 42a has received flattening etching and it is 
desirable that CMP performs this etching, using the dirty stop layer 38 as an effective dirty stop 
to such flattening etching. 

[0031] If drawing J 8 is referred to, to trench restoration polish recon and the 1st oxide layer 34, 
relatively, the sacrifice layer 38 was alternatively etched from the substrate, and has left the 
projected pillar 44 which consists of ingredient 42a. 

[0032] Reference of drawing 1 9 etches the projecting pillar 44 alternatively relatively to the 1st 
oxide layer 34. It is necessary to notice this alternative example about eliminating the need of 
making the additional layer 36 depositing, and bringing about the trench coating layer 50. The 
thickness of ingredient 42a equal to a layer 34 and this after that can be etched from a wafer if 
needed. 

[0033] An above-mentioned technique brings about the effectiveness superior to the 
conventional technique, and offers the comparatively flat trench packing material which is in the 
same flat surface as the edge of the front face/trench of silicon especially, a trench — it is un- 
obvious and the reason is that a transistor makes etchback of a trench packing material possible 
after CMP or other flattening etching after that by use of the above-mentioned dirty stop 
ingredient, without having a bad influence on that it is new to combine that it is dirty and to use 
the dirty stop ingredient of this invention, and the silicon front face in which it is formed 
[0034] 

[Effect of the Invention] According to this invention, the outstanding substrate separation trench 
can be formed. 
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CLAIMS 
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CCIaim(s)] 

[Claim 1] The process which has the selected thickness and prepares on a substrate the layer 
which consists of the selected ingredient in the semi-conductor art for forming a substrate 
separation trench. The process which prepares the sacrifice layer which has the selected 
thickness and consists of the selected dirty stop ingredient on the layer which consists of said 
selected ingredient. The process which etches into a patterning list into said substrate through 
the layer which consists of said sacrifice layer and said selected ingredient, and forms a 
separation trench. The process which the upper part list of said substrate is made to deposit the 
trench packing material which has the selected thickness into said separation trench, and is filled 
up with said separation trench, Said sacrifice layer is etched from the process which carries out 
flattening etching of said trench packing material, and said substrate, using said sacrifice layer as 
an effective dirty stop for performing flattening etching. By this The semi-conductor art for 
forming a substrate separati on trench equipped with the process which leaves the pillar of the 
trench packing material which projects upwards relatively to the top face of a substrate, and the 
process which etches said projecting pillar alternatively to the top face of said substrate. 
[Claim 2} The semi-conductor art for forming the substrate separation trench characterised by 
said process which carries out flattening etching including the polish processing like chemical 
machinery in the semi-conductor art for forming the substrate separation trench of claim 1. 
[Claim 3] The semi-conductor art for forming the substrate separation trench characterized by 
said selected ingredient containing polish recon in the semi-conductor art for forming the 
substrate separation trench of claim 1. 

[Claim 4] A semi-conductor art for said selected thickness of said selected ingredient to form 
[ said selected ingredient ] the substrate separation trench characterized by being about 500A 
from about 100A including an oxide in the semi-conductor art for forming the substrate 
separation trench of claim 1. 

[Claim 5] The process which prepares on a substrate the layer which has the thickness as which 
the 1st was chosen in the semi-conductor art for forming a substrate separation trench, and 
consists of the 1st ingredient. The process which prepares the layer which has the thickness as 
which the 2nd was chosen and consists of the 2nd ingredient which can be etched alternatively 
to said 1st ingredient above said substrate, The process which prepares the sacrifice layer which 
has the thickness as which the 3rd was chosen and consists of the selected dirty stop ingredient 
which can be etched alternatively to said 2nd ingredient on the layer which consists of sard 2nd 
ingredient, The process which etches into a patterning list into said substrate through said 
sacrifice layer, the layer which consists of said 2nd ingredient, and the layer which consists of 
said 1st ingredient, and forms a separation trench, It is the trench packing material which can be 
etched alternatively to said 2nd ingredient. Said 2nd ingredient can be alternatively etched to 
this trench packing material. Moreover, while said dirty stop ingredient makes the layer which 
consists of the trench packing material which can be etched alternatively to this trench packing 
material deposit to the thickness from which the 4th was chosen above said substrate The 
process made to deposit into said separation trench, and the process, which carries out 
flattening etching of said trench packing material, using said sacrifice layer as an effective dirty 
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stop for performing flattening etching. Said sacrifice layer is alternatively etched from said 
substrate to said the 2nd ingredient and said trench packing material. By this The process which 
leaves the pillar of the trench packing material which projects upwards relatively to the layer 
which consists of said 2nd ingredient of a substrate, The semi-conductor art for forming a 
substrate separation trench equipped with the process which etches said projecting pillar 
alternatively to the layer which consists of said 2nd ingredient and the process which etches 
said 2nd ingredient from said substrate alternatively to said the 1st ingredient and said trench 
packing material. 

[Claim 6] The semi-conductor art for forming the substrate separation trench characterized by 
said 1st ingredient containing oxide in the semi-conductor art for forming the substrate 
separation trench of claim 5. 

[Claim 7] The semi-conductor art for forming the substrate separation trench characterized by 
said 2nd ingredient containing polish recon in the semi-conductor art for forming the substrate 
separation trench of claim 5. 

[Claim 8] A semi-conductor art for the process which etches said projecting pillar to form the 
substrate separation trench characterized by including the phase which etches said pillar caudad 
to the height of the lower part of the layer which consists of said 2nd ingredient in the semi- 
conductor art for forming the substrate separation trench of claim 5. 

[Claim 9] The process which prepares on a substrate the layer which has the thickness as which 
the 1st was chosen in the semi-conductor art for forming a substrate separation trench, and 
consists of the 1st ingredient. The process which prepares the layer which has the thickness as 
which the 2nd was chosen and consists of polish recon above said substrate, The process which 
prepares the sacrifice layer which has the thickness as which the 3rd was chosen and consists 
of the selected dirty stop ingredient which can be etched alternatively to polish recon on the 
layer which consists of said polish recon. The process which etches into a patterning list into 
said substrate through said sacrifice layer, the layer which consists of said polish recon, and the 
layer which consists of said 1st ingredient, and forms a separation trench. While making the layer 
which consists of the oxide which can be etched alternatively to said dirty stop ingredient 
deposit to the thickness from which the 4th was chosen above said substrate The process which 
is made to deposit into said separation trench and is filled up with this separation trench. The 
process which carries out flattening etching of said trench packing material, using said sacrifice 
layer as an effective dirty stop for performing flattening etching. Said sacrifice layer is 
alternatively etched from said substrate to the layer which consists of said trench restoration 
oxide and said polish recon. By this The process which leaves the pillar of the oxide which 
projects upwards relatively to the layer which consists of polish recon, The process which 
etches said projecting pillar alternatively to the layer which consists of said polish recon. The 
semi-conductor art for forming a substrate separation trench equipped with the process which 
etches the layer which consists of said polish recon alternatively to said the 1 st ingredient and 
said trench restoration oxide from said substrate. 

[Claim 10] A semi-conductor art for the process which etches said projecting pillar to form the 
substrate separation trench characterized by including the phase which etches said pillar caudad 
to the height of the lower part of the layer which consists of said polish recon in the semi- 
conductor art for forming the substrate separation trench of claim 9. 

[Claim 11] The process which prepares on a substrate the 1st layer which has the thickness as 
which the 1st was chosen in the semi-conductor art for forming a substrate separation trench, 
and consists of an oxide, The process which prepares the sacrifice layer which has the thickness 
as which the 3rd was chosen and consists of the selected dirty stop ingredient which can be 
etched alternatively to oxide on said oxide layer which consists of polish recon. The process 
which etches into a patterning list into said substrate through the layer which consists of said 
sacrifice layer and said oxide, and forms a separation trench, While making the layer which 
consists of the polish recon which can be etched alternatively to the process which prepares the 
insulating layer which coats a trench into said trench, and said dirty stop ingredient deposit to 
the thickness from which the 4th was chosen above said substrate The process which is made 
to deposit into said separation trench and is filled up with this separation trench. The process 
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which carries out flattening etching of said trench restoration polish recon, using said sacrifice 
layer as an effective dirty stop for performing flattening etching. Said sacrifice layer is 
alternatively etched from said substrate to the 1st layer which consists of said trench 
restoration polish recon and said oxide. By this The semi-conductor art for forming a substrate 
separation trench equipped with the process which leaves the pillar of the polish recon which 
projects upwards relatively to said 1st layer which consists of an oxide, and the process which 
etches said projecting pillar alternatively to the 1st layer which consists of said oxide. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The process which has the selected thickness and prepares on a substrate the layer 
which consists of the selected ingredient in the semi-conductor art for forming a substrate 
separation trench, The process which prepares the sacrifice layer which has the selected 
thickness and consists of the selected dirty stop ingredient on the layer which consists of said 
selected ingredient. The process which etches into a patterning list into said substrate through 
the layer which consists of said sacrifice layer and said selected ingredient, and forms a 
separation trench, The process which the upper part list of said substrate is made to deposit the 
trench packing material which has the selected thickness into said separation trench, and is filled 
up with said separation trench. Said sacrifice layer is etched from the process which carries out 
flattening etching of said trench packing material, and said substrate, using said sacrifice layer as 
an effective dirty stop for performing flattening etching. By this The semi-conductor art for 
forming a substrate separation trench equipped with the process which leaves the pillar of the 
trench packing material which projects upwards relatively to the top face of a substrate, and the 
process which etches said projecting pillar alternatively to the top face of said substrate. 
[Claim 2] The semi-conductor art for forming the substrate separation trench characterized by 
said process which carries out flattening etching including the polish processing like chemical 
machinery in the semi-conductor art for forming the substrate separation trench of claim 1. 
[Claim 3] The semi-conductor art for forming the substrate separation trench characterized by 
said selected ingredient containing polish recon in the semi-conductor art for forming the 
substrate separation trench of claim 1. 

[Claim 4] A semi-conductor art for said selected thickness of said selected ingredient to form 
[ said selected ingredient ] the substrate separation trench characterized by being about 500A 
from about 100A including an oxide in the semi-conductor art for forming the substrate 
separation trench of claim 1. 

[Claim 5] The process which prepares on a substrate the layer which has the thickness as which 
the 1st was chosen in the semi-conductor art for forming a substrate separation trench, and 
consists of the 1st ingredient, The process which prepares the layer which has the thickness as 
which the 2nd was chosen and consists of the 2nd ingredient which can be etched alternatively 
to said 1st ingredient above said substrate, The process which prepares the sacrifice layer which 
has the thickness as which the 3rd was chosen and consists of the selected dirty stop ingredient 
which can be etched alternatively to said 2nd ingredient on the layer which consists of said 2nd 
ingredient The process which etches into a patterning list into said substrate through said 
sacrifice layer, the layer which consists of said 2nd ingredient, and the layer which consists of 
said 1st ingredient and forms a separation trench, It is the trench packing material which can be 
etched alternatively to said 2nd ingredient Said 2nd ingredient can be alternatively etched to 
this trench packing materiaL Moreover, while said dirty stop ingredient makes the fayer which 
consists of the trench packing material which can be etched alternatively to this trench packing 
material deposit to the thickness from which the 4th was chosen above said substrate The 
process made to deposit into said separation trench, and the process which carries out 
flattening etching of said trench packing material, using said sacrifice layer as an effective dirty 
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stop for performing flattening etching, Said sacrifice layer is alternatively etched from said 
substrate to said the 2nd ingredient and said trench packing material. By this The process which 
leaves the pillar of the trench packing material which projects upwards relatively to the layer 
which consists of said 2nd ingredient of a substrate. The semi-conductor art for forming a 
substrate separation trench equipped with the process which etches said projecting pillar 
alternatively to the layer which consists of said 2nd ingredient, and the process which etches 
said 2nd ingredient from said substrate alternatively to said the 1st ingredient and said trench 
packing material. 

[Claim 6] The semi-conductor art for forming the substrate separation trench characterized by 
said 1st ingredient containing oxide in the semi-conductor art for forming the substrate 
separation trench of claim 5. 

[Claim 7] The semi-conductor art for forming the substrate separation trench characterized by 
said 2nd ingredient containing polish recon in the semi-conductor art for forming the substrate 
separation trench of claim 5. 

[Claim 8] A semi-conductor art for the process which etches said projecting pillar to form the 
substrate separation trench characterized by including the phase which etches said pillar caudad 
to the height of the fower part of the layer which consists of said 2nd ingredient in the semi- 
conductor art for forming the substrate separation trench of claim 5. 

[Claim 9] The process which prepares on a substrate the layer which has the thickness as which 
the 1st was chosen in the semi-conductor art for forming a substrate separation trench, and 
consists of the 1st ingredient. The process which prepares the layer which has the thickness as 
which the 2nd was chosen and consists of polish recon above said substrate, The process which 
prepares the sacrifice layer which has the thickness as which the 3rd was chosen and consists 
of the selected dirty stop ingredient which can be etched alternatively to polish recon on the 
layer which consists of said polish recon. The process which etches into a patterning list into 
said substrate through said sacrifice layer, the layer which consists of said polish recon, and the 
layer which consists of said 1st ingredient, and forms a separation trench, While making the layer 
which consists of the oxide which can be etched alternatively to said dirty stop ingredient 
deposit to the thickness from which the 4th was chosen above said substrate The process which 
is made to deposit into said separation trench and is filled up with this separation trench. The 
process which carries out flattening etching of said trench packing material, using said sacrifice 
layer as an effective dirty stop for performing flattening etching, Said sacrifice layer is 
alternatively etched from said substrate to the layer which consists of said trench restoration 
oxide and said polish recon. By this The process which leaves the pillar of the oxide which 
projects upwards relatively to the layer which consists of polish recon, The process which 
etches said projecting pillar alternatively to the layer which consists of said polish recon. The 
semi-conductor art for forming a substrate separation trench equipped with the process which 
etches the layer which consists of said polish recon alternatively to said the 1st ingredient and 
said trench restoration oxide from said substrate. 

[Claim 10] A semi-conductor art for the process which etches said projecting pillar to form the 
substrate separation trench characterized by including the phase which etches said pillar caudad 
to the height of the lower part of the layer which consists of said polish recon in the semi- 
conductor art for forming the substrate separation trench of claim 9. 

[Claim 11] The process which prepares on a substrate the 1st layer which has the thickness as 
which the 1st was chosen in the semi-conductor art for forming a substrate separation trench, 
and consists of an oxide. The process which prepares the sacrifice layer which has the thickness 
as which the 3rd was chosen and consists of the selected dirty stop ingredient which can be 
etched alternatively to oxide on said oxide layer which consists of polish recon. The process 
which etches into a patterning list into said substrate through the layer which consists of said 
sacrifice layer and said oxide, and forms a separation trench, While making the layer which 
consists of the polish recon which can be etched alternatively to the process which prepares the 
insulating layer which coats a trench into said trench, and said dirty stop ingredient deposit to 
the thickness from which the 4th was chosen above said substrate The process which is made 
to deposit into said separation trench and is filled up with this separation trench, The process 
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which carries out flattening etching of said trench restoration polish recon, using said sacrifice 
layer as an effective dirty stop for performing flattening etching. Said sacrifice layer is 
alternatively etched from said substrate to the 1st layer which consists of said trench 
restoration polish recon and said oxide. By this The semi-conductor art for forming a substrate 
separation trench equipped with the process which leaves the pillar of the polish recon which 
projects upwards relatively to said 1st layer which consists of an oxide, and the process which 
etches said projecting pillar alternatively to the 1st layer which consists of said oxide. 
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PRIOR ART 



[Description of the Prior Art] An integrated circuit is accumulated chemically and physically by 
substrates, such as a silicon wafer, by carrying out patterning of the field of a substrate, and 
carrying out patterning of the layer on a substrate. The above-mentioned field and a layer can 
be made into conductivity, and a conductor and resistance can be manufactured. Moreover, the 
conductivity of a type which is different in the above-mentioned field and a layer can be given, 
and this is a transistor and requirements indispensable to manufacture of diode. When forming 
into a substrate, various circuit elements, i.e., device, it is necessary to separate namely, insulate 
such a device of each other. 

[0003] In case an integrated circuit is manufactured, the various techniques for insulating 
electrically the device formed into the bulk substrate have been developed. The technique of a 
certain developed common knowledge omits partial oxidation (LOcal Oxidation of Silicon) of 
silicon, is called LOGOS separation, and forms the oxide of a hall^hollow mold in the non active 
(or field) field of a substrate in this technique. The principle of the LOCOS method is growing up 
an oxide into a desired field field alternatively. Growth of such oxide is performed by covering an 
active field by the film of silicon nitride, and the film of the above-mentioned silicon nitride 
prevents that oxidation takes place under it. The layer of a nitride exposes up patterning and the 
silicon field by which it is etched and a field oxide is needed in it, and is grown up. Then, a wafer 
is exposed on oxidation conditions. An oxidant grows up to be a part without a masking nitride. 
However, in the periphery section of masking of a nitride, that oxide is spread a little in the side. 
[0004] Thereby, an oxide grows under the periphery section of a nitride and this periphery 
section is raised. The configuration of the oxide of the periphery section of a nitride forms the 
wedge of the oxide which inclines gently, and this wedge joins the oxide layer of a lower layer 
pad- The above-mentioned wedge is called the beak (birds beak) of a bird. It elongates to the 
side of field oxide and the beak of a bird goes into the active field of a device. One of such the 
faults of separation technology is producing the field oxide which has the dimension of the 
longitudinal direction where the beak of the above-mentioned bird is bigger than the lower limit 
of the photograph function it being used in order to form mask opening in a nitride. 
[0005] Therefore,jt takes for the geometric configuration of a device to approach a submicron 
dimension, and the effectiveness of the usual LOGOS separation technology approaches the 
limitation, and CMOS and the alternative separation process for bipolar techniques are needed. 
There is trench separation as one of such the techniques. In this technique, it fills up, and the 
separated trench is perpendicularly arranged in a substrate, and separates namely, insulates the 
electric device in the both sides of this trench. This invention relates to the art for forming the 
substrate separation trench like 

[0006] The trouble accompanying the technique is explained to a separation trench technical list 
with the conventional technique with reference to drawing 1 thru/or drawing 5 . Drawing 1 shows 
the semi-conductor substrate 10 which consists of a bulk substrate 12, a film 14 of pad oxide, 
and a layer 16 of a photoresist. Patterning of the photoresist layer 16 will be carried out, it will 
form the contact opening 20, and the trench which penetrates this will be formed in this opening. 

[0007] If drawing is referred to, the pad oxide layer 14 and the bulk substrate 12 will be etched 
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like illustration, and will form dead air space 22, i.e., a trench. 

[0008] Reference of drawing 3 is growing up the layer 24 of Si02 in a trench 22. 

[0009] Like illustration, the additional separation implant 26 can also be formed In the base of a 

trench 22. For example, when the bulk substrate 12 consists of silicon with which the device of n 

channels will be formed (p-), the implant 26 can be made into the implant (p+) and the electric 

separation effectiveness, i.e., the insulating effectiveness, can be further brought about between 

the circuit elements which should be formed in the both sides of a trench 22. Before the implant 

generally removes the mask layer shown in drawing 1 , it is prepared. 

[0010] If drawing 4 is referred to, the layer 28 which consists of a trench packing material would 
be formed in the crowning of a wafer, and will be filled up with the trench 22. The ingredient of a 
layer 28 can be used as the polish, recon which has ** filled up with the volume of a trench 22, 
an oxide, or other ingredients. It is not necessary to necessarily make the ingredient of a layer 
28 into an insulating material. The reason is that the layer 26 of oxide brings the electric 
insulating effectiveness to the field of the side of a trench 22. Generally such a layer is 
deposited in the shape of conformal, and forms the part 30 of a hollow like illustration, i.e., a V 
character mold. 

[001 1] If drawing 5 is referred to, a layer 28 will be exposed by proper etching and will be 
removed to the point of leaving the trench 22 with which it filled up in general. However, 
generally partial 30a of a V character mold remains like illustration also after etching with the 
property deposited in the shape of [ of a layer 28 ] conformal, and this is not desirable. 
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TECHNICAL FIELD 



[Industrial Application] This invention relates to the trench separation approach in semi- 
conductor processing. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, the outstanding substrate separation trench 
can be formed. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] It is desirable to improve the above-mentioned 
technique and other above-mentioned techniiques which form a substrate separation trench 
[0013] 
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MEANS 



[Means for Solving the Problem] According to the description with this invention, the semi- 
conductor art for forming a substrate separation trench The process which prepares on a 
substrate the layer which has the selected thickness and consists of the selected ingredient, 
The process which prepares the sacrifice layer which has the selected thickness and consists of 
the selected dirty stop ingredient on the layer which consists of the ingredient by which 
selection was made [ above-mentioned ], The process which etches into a patterning list into 
the above-mentioned substrate through the layer which consists of the above-mentioned 
sacrifice layer and the ingredient by which selection was made [ above-mentioned ], and forms a 
separation trench, The process which the upper part list of the above-mentioned substrate is 
made to deposit the trench packing material which has the selected thickness into the above- 
mentioned separation trench, and is filled up with the above-mentioned separation trench, The 
above-mentioned sacrifice layer is etched from the process which carries out flattening etching 
of the above-mentioned trench packing material, and the above-mentioned substrate, using the 
above-mentioned sacrifice layer as an effective dirty stop for performing flattening etching. By 
this It has the process which leaves the pillar of the trench packing material which projects 
upwards relatively to the top face of a substrate, and the process which etches alternatively the 
above-mentioned pillar which carries out a protrusion to the top face of the above-mentioned 
substrate. 

[0014] If it says to a detail, according to another description of this invention, furthermore, the 
approach for forming a substrate separation trench The process which prepares on a substrate 
the layer which has the thickness as which the 1st was chosen and consists of the 1st 
ingredient The process which prepares the layer which has the thickness as which the 2nd was 
chosen and consists of polish recon above the above-mentioned substrate, The process which 
prepares the sacrifice layer which has the thickness as which the 3rd was chosen and consists 
of the selected dirty stop ingredient which can be etched alternatively to polish recon on the 
layer which consists of the above-mentioned polish recon, The process which etches into a 
patterning list into the above-mentioned substrate through the above-mentioned sacrifice layer, 
the layer which consists of the above-mentioned polish recon, and the layer which consists of 
the 1st ingredient of the above, and forms a separation trench, While making the layer which 
consists of the oxide which can be etched alternatively to the above-mentioned dirty stop 
ingredient deposit to the thickness from which the 4th was chosen above the above-mentioned 
substrate The process which is made to deposit into the above-mentioned separation trench, 
and is filled up with this separation trench. The process which carries out flattening etching of 
the above-mentioned trench packing material, using the above-mentioned sacrifice layer as an 
effective dirty stop for performing flattening etching, The above-mentioned sacrifice layer is 
alternatively etched from the above-mentioned substrate to the layer which consists of the 
above-mentioned trench restoration oxide and the above-mentioned polish recon. By this The 
process which leaves the pillar of the oxide which projects upwards relatively to the layer which 
consists of polish recon, It has the process which etches alternatively the above-mentioned 
pillar which carries out a protrusion to the layer which consists of the above-mentioned polish 
recon, and the process which etches the layer which consists of the above-mentioned polish 
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recon alternatively to the 1st ingredient of the above, and the above-mentioned trench 
restoration oxide from the above-mentioned substrate. 

[0015] According to still more nearly, another description of this invention, the approach for 
forming *a substrate separation trench The process which prepares on a substrate the 1st layer 
which has the thickness as which the 1st was chosen and consists of an oxide, The process 
which prepares the sacrifice layer which has the thickness as which the 3rd was chosen and 
consists of the selected dirty stop ingredient which can be etched alternatively to oxide on the 
above-mentioned oxide layer which consists of polish recon. The process which etches into a 
patterning list into the above-mentioned substrate through the layer which consists of the 
above-mentioned sacrifice layer and the above-mentioned oxide, and forms a separation trench. 
While making the layer which consists of the polish recon which can be etched alternatively to 
the process which prepares the insulating layer which coats a trench into the above-mentioned 
trench, and the above-mentioned dirty stop ingredient deposit to the thickness from which the 
4th was chosen above the above-mentioned substrate The process which is made to deposit 
into the above-mentioned separation trench, and is filled up with this separation trench. The 
process which carries out flattening etching of the above-mentioned trench restoratron polish 
recon, using the above-mentioned sacrifice layer as an effective dirty stop for performing 
flattening etching, The above-mentioned sacrifice layer is alternatively etched from the above- 
mentioned substrate to the 1st layer which consists of the above-mentioned trench restoration 
polish recon and the above-mentioned oxide. By this It has the process which leaves the pillar of 
the polish recon which projects upwards relatively to the 1st layer of the above which consists 
of an oxide, and the process which etches alternatively the above-mentioned pillar which carries 
out a protrusion to the 1st layer which consists of the above-mentioned oxide. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the rough sectional view of the fragment of the semiconductor wafer processed 

according to the approach of the conventional technique explained by the term of a Prior art. 

[Drawing 2] It is the sectional view showing the wafer of drawing 1 in down stream processing of 

the next conventional technique of down stream processing shown in drawing 1 . 

[Dr^wing^ It is the sectional view showing the wafer of drawin g 1 in down stream processing of 

the next conventional technique of down stream processing shown in drawing 2 . 

[Draiyyjng_4] It is the sectional view showing the wafer of drawi ng 1 in down stream processing of 

the next conventional technique of down stream processing shown in drawing 3 . 

[Drawing 5] It is the sectional view showing the wafer of drawing 1 in down stream processing of 

the next conventional technique of down stream processing shown in drawing 4 . 

[Drawing 6] It is the rough sectional view showing the fragment of the semiconductor wafer in 

down stream processing with this invention. 

[Drawing 7] It is the sectional view showing the wafer of drawing 6 in the next down stream 
processing of down stream processing shown in drawing 6 . 

[Drawjng 8] It is the sectional view showing the wafer of drawing 6 in the next down stream 
processing of down stream processing shown in drawing 7 . 

[Drawing 9] It is the sectional view showing the wafer of drawing 6 in the next down stream 
processing of down stream processing shown in drawing 8 . 

[Drawing 10] It is the sectional view showing the wafer of drawing 6 R> 6 in the next down 
stream processing of down stream processing shown in drawing 9 . 

[D rawing 1 1] It is the sectional view showing the wafer of drawin g 6 in the next down stream 
processing of down stream processing shown in drawing 10 . 

£DrawingJ 2] It is the sectional view showing the wafer of drawing 6 in the next down stream 
processing of down stream processing shown in drawing 1 1 . 

[Drawing 13] It is the sectional view showing the wafer of drawing 6 in the next down stream 
processing of down stream processing shown in drawing 12 . 

[Drawing 14] It is the rough sectional view of the fragment of the semiconductor wafer in down 
stream processing with the alternative-approach of this invention. 

[DraMngJ_5] It is the sectional view showing the wafer of drawing^ M in the next down stream 
processing of down stream processing shown in drawing 14 , 

[Pxawio.g,..16l It is the sectional view showing the wafer of drawin^g^^^^^^^^ in the next down stream 
processing of down stream processing shown in drawing 1 5 . 

[Drawing 17] It is the sectional view showing the wafer of drawing 14 in the next down stream 
processing of down stream processing shown in drawing 1 6 . 

[Drawing 18] It is the sectional view showing the wafer of drawing 14 in the next down stream 
processing of down stream processing shown in drawing 1 7 . 

tDr§wingJ_9] It is the sectional view showing the wafer of drawing 14 in the next down stream 
processing of down stream processing shown in drawing 18 . 
[Description of Notations] 

30 Semi-conductor Substrate 32 Bulk Substrate 
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34 1st Ingredient Layer 36 2nd Ingredient Layer 
37 Top Face of Substrate 38 Sacrifice Layer 
40 Trench 42 Trench Packing Material 
42 Trench Packing Material Layer 44 Pillar 
50 Trench Coating 
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DRAWINGS 



[Drawing 1] 




[Drawing 21 




[Dr awin g 3] 




26 

[Drawing 41 




[ Drawin g 5] 
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[Drawing 6] 

JO — ^ J8 j7 




[Drawing 7] 




[Drawing 10l 
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[Drawing 11] 




[Drawin g 12] 




[Drawing 1 3] 




[Drawing 1 4] 




[Drawing 1 5] 




[Drawing 16] 
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[D rawi ng 17] 




50 

[Drawing 1 9] 
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-r ^ > l/>5"3^£^#^ 4 2a ^^:^co±:;^^i;tc^iS h 

>5f" 4 0 (Di^tcii^^-t^. ^mhu y'^^^mr^j: 

Uy^^m^^n 4 2a <&^:g{bX :y 5" > i^'T ^ X^o 
(f) S^;^f^b1ii^/i<^X:v^>^7'b, m^(D±^:^^ib 

x:^-\?itfir ^ t^^-^?^rx^, (g) tr^-^s^ 

CO X t c ^ L T il &5 1 c X ^ > ^' r ^ X ^ , 



30a 



42a 
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1 

m^<D±.m\z^i.x^^m^±.:fD^^^-r^ v u>^^ 
mumo:)\d^~~^^Mrxmt. 20 

li^fSJ^aiT ^ ^ - <^ iy IBS IS © ± © tc ^ L T iliR &^ 

-r^^WL^m v \yy^^^f^-r^f:i^<o'^m^%.my5 

tz^<o^^mwm'^'^m\z^\^i:. mum^-^titzumif 30 
if^ 'J y u zjy^%ts^ t^^mt.'T ^mWii&m huy^. 

rzisb<D^^mi^mmyjm\z)o\^^x , m^dm^^titz^int^ 

i$^mmy3^^zi5\.^x . 40 
m^<D±{zm^f^xmh. 

^^£D±:^ IS ^ t , 

tt^x^t. 



2 

CO =^ 7^) ^ 6 ^ ^ © =^ ^ b T fu IB g ^ CO ^ -\ / ^ X > 

mlISm 2 C7?^>f^i[tC^bTig^&5lCX:y 5^>^pltl/j: b U 
J^^^^^tc^t LTii#^&9t:^x^:/5">^pJt&T^D, 

m^:sLy^7.v V 'i'm^\t,^ V vyj'%m.Mm\z%\.x 

¥S'fl:x->5^>i>^^fTpfcs6<o^^&^;^x>v5":^ h -y ^ 

6^tCBafS^t^M=&mlBB^^^^6x^y^>i7^b, dtl FC J; 

xm^m tcX:v5^>i/-r^X^<h. 

mllBm 1 <DMtAl^'am%^.VV'>'^%'^U%A\zti\.xm'§i 

mzmtZW, 2 co^^i^^HufBS1S7!»^^X:v^>^/T^Xg 

tz^<D^MW%.^'^^ik\z^\^x. MIB^ 1 t^^^^T^/^^^b 

ife^^oc: t.^'^m.t.-t ^m^%n.v uy^^i^^r^ 
rzibo:)^^mi^mm:^m, 

rzi>b(D^mi^mm^t^izi5\r^x . m^m2 (Dun^^^o 

im^m 8 ] m^m s (om^^m h yy^^m^-r^ 
rzib<D^^mi^^m^}k\z:iD\.>x. mmmth'T^^y-'^ 
x-y ^>^r^xg7^^ mmm2 (Dum-^^^i^^moT 

i^mm:^m\z^\^>x. 

m^(0±\ztk\^^3:mt. 

m2<DmR^nrzm^^^L. ^f^^j y^ ziy-^^^bf^^m 

luieS^ CO ± IC ^ ^ X*i (h , 

^3cDiltR^n/c/P^^WL. ^^^jy^jziy\zMi.xm 
R&^\zj:y^y^"^%i^umtR^rirzJ^y^7. h yy'^^n 



{ 3 

3 

ntzm^^rmm-^'^^t^iz. mm^mhuy^oy^ 

itJiy'^y^'-r^xmt. lo 

m\zMLxmn^izmBE.m^m^mmmm:^^^:Ly^y 

^^\z ±^ -^mm-t ^mit!^ <o }d ^~ ^n-p Jim t . 

vxm^mzjLy^ycf-t^jimt. 

mun 1 mm:B^'amm h uy^^mmtm\z$^hxm 

'^y^-r^jzmt^m:^^^^^m h u y^^m^r^ 
rzddco^mi^m^yjm. 20 
imj^mi 0] m^m9 (Dmu^^mh uy^^m^-r 
^rzisb<D^mi^mm:&m\zi^\.^x . mtd.mmr^}:!:^'- 
^jiy^y^*-r^j:m-^K mt^^^^j y'}:3yf}^^0^^m 

im^mi 1] mm^mhuy^^mf^-r^tzi^o)^ 
m^mmyj mz^\.^x. 

^mm<D±\zm^f^j:m^. sa 
mscDMR-^titcm^^mv. mitm^z^vxm^m\z 

y ^ y ^-^mrjiM^^ riTzJ: y ^ 7. h yy'^^n:^^^J^ 

^m^m^^v y u 3 yf)^^js^^mmm^tmm(o±\zm 
mmm^mRzSmmm.^t^:^^^f^^m^mhxwitE,mWi 

(D^-\n^ --yi^mxf\zjLy ^y ^n^-^. ^^mhu 
y^^m^-t^jim^. 

m^huy^<D^^zhuy^^zi—y'^ y^-r^ts&mm 

mmxy^T. h y y^^^i miz^ L X \Z X y ^ y 40 

mu^^ u fxu n y ^ m ^ m^m^(D \zm 4 <d 
^<D^\zm%'^^x'S.'^m vvy^^^^-^^xmh. 

W'^\\LXy'5'y^'^'<^^fz^<Oyh^^f^X y=^y. v y y* 
> ^ ¥ JS {k X 'y ^ > if T ^ X <h , 

mJlEb Vy^%^if^^} yV yRZJ^mt^m^t^-^^'bJo^/b 

m 1 (Dm^zMLxm^^\zmt^m^m^mBEm^t)^^x. 
y^y^L. cn\zj^Ki. m^tmf)^^f^^mBimi (DM 
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4 

LxMtR^izxy^y^-r^xmt^m^^m^^m h 
uy^^mf^T^r^L^oy^mi^mmyjm. 

[ 0 0 0 1 ] 

uy^^m:^m\zm^^. 

[0 0 0 2] 

lyR-ym^^com^/'^i^ — xyif't^zih^z^'oX. y 

>j D y ^ /\m (Dmm^zit^&;}:Bi.z^^m^\zmm^ n 

T^z. ^t)^x^^. ^Tz. Jl^^m^:^tfm^zmu■^fz^ 
-iy'co^m^^hrz^^zt^^x^. mt^h^>i/x 

'^co^oUy'/^^ 7.^:K\.uz^mrr£t>'^mB't^ z t 

[ 0 0 0 3 ] mmmm^mm-r ^^\z. aji^^ &w.oy^ 
izj^^'^titzy^/^^x^m.n^\zmB^^rz^<Dm^ (o 
^Wify^m^^nx^tz. m^^tifz^^m^ot^Wiit. 

y U 3 ycom^mum^t (LOcal Oxidati 
on of Si'licon)<^B§bTLOCOS' 

t^^-^nxi^Ki . z.(Dm'i^\z:^\^^x\t. ^m<D J yy ^ 
^(DTxmit'f)^isc^<D^m±'t^. ^it^(Dm\tA:^ 

— xy'^-RxSxyj-ycr-^n. -^cDl^fc:7^ -;u H^>fk 

^7&^£^^i:^n^ y^) -3 ym,^^i,^\zmwx^^x^%. 

t-^<Dm\imi^m-^\z^^'t^. 
[ 0 0 0 4 ] ;iniCcfco. m.\'cm<jynm%i<DTxm^m 

^fki^coj^i^ti, S-^;^WcM^4f ^^^bi^coi:^ t^-t: 

COi:?!^ t'llTMcoA^y Kca^^b^^^fc-^^tt-^. 
±15 ^ t' ca^^ (bird's b e a k ) t 

tiTi^^. .^co»^li7 ^ — F^>{b#icr){ay:;^iw#:gL. 
c?):!«:.q^co 1 -r^Ji. ±IBB<0'^7:?^ ^{b^^ v x □ 

[ 0 0 0 5 } t^^o T. 7^A< XO3^fSJ^01];^j:?^t^7:>^lty 



( 4 

5 

c<D^m\ziD\.^x\t. ^m^tix^m^ntch 

[0 0 0 6] W^i^^^O^^^m h U >^Wi^i^ZS\Z^ 

o^miz^^mm.^^m iT^mms ^mmvxmm-r lo 

[0007] m2 ^mm-r^ /t^ v^mit^m i 4 r 
nnji^m^i 2f3^m7R<D^o\zjLy^>^-^ti. 
tfzt)t> 2 2 ^mfi^Lx\.^^ . 

[ 0 0 0 8] ^3 ^^m-t^ SiOr(Dm24t^h 
U>^2 2 (D^Xf^^hX\^^^. 20 

[0 0 0 9] m7ik(D^v\z. ^mcD^m^ >:f^ > h 2 
i^ti^^ L\zt^^ (p-) yv :d >-f}^ ^m^^n^m'^ 

\z\±. ^ yy'^ > h 2 6 ^ (p+) ^ >y'^> h tL. 

hu>5=-2 2 cDmm^:zj^0!ii'^ ti^^^ \B}^mm<Dm\zm 
%mf£^m^^:^^rt£,t:>-^mB^±^^w<z^rz^'r:itt}^ 

[0 0 1 0] m4 ^mm-r ^ hu >'^^munf}^'b 30 

2 8 fi^o x,-/\(Dm^{zm^-f ^tix huy^2 2 
^^mvx^^^. m2B(Dun\t. hu>^'22<D^m 

2 6f}^. huy9-2 2 (Dm:^<Dmi^^zm^^f^mmy:^M 

^ ^jfc.b-TTlJ^eT^^o 't<D^otim\t'-f^\zm:^^\z 
[0 01 1 ]^ 5 ^m^-t^t. M 2 8 \^m'^t^:^v^ 4 0 

y^'\zmm^ri. Wit^^m^tirzh\^y^2 2^i%t.^. 
-r^-tiMfci: 0 . -'m\z\tJiy^y^^(omz^m^(D^ 

[0012] 

[0013] 50 
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6 

Mu^^h uy^^^^fi^-r ^tzsibcD^^mi^mmyj^i, 
m^^tiTzm^^mh. mR'^nr^^:ini)^ibf^^m 
^^w<D±^zmn^i:m.t. miR^ntzm^^^^v. m 

^nrz^4nf}^^fi^^M<D±\zmn^jcm^. ±fd.m^m 
RU±B^m^'^rirzumf3^^f^^m'^mhx±m^m<o 

^^/•^t^--ycfmz^izj:y^y'^^^n\.^. ^mhuy 

^mUPA^±t^^m(D±':^^^flZf\z±B^^m vvyj-o^ 
\zm%^^. j5ziz^mv\yyj-^'^^'t^'x.'i^^. 

X ±mm!^m^m\^^. ±^^h uy^^m^^n^^m^tj:. 
y'^y^-t^:Lm^. ±B^mmf)^^±t^m^m^Jiy'^ 
y^L. cn\z^r). mmo±m\zMLxmM^\z±yj 
^mih-r^ h uy^^m^rA(D}::^~-^m-rj:mh. ± 

IB ?^ tB -r ^ b: ^ - ^ ± IE ^ *g O ± ® t c ^ L T ^ ^ 6^ f c X 

y^y^r^^Lmt^mA.^. 
[0 0 14] M\zmm^zm?Lii.- :^^m<Dm<D^m\z^ 
nt^. ^^^Mh uy^^mf^-r^tz^(D-:^m\t. mi 
(omisi-^ntzm^^mv. mi o^^^m-fi^i^^^m^mwL 

V y V n >:6^ ^^^m^±tdm^<D±:^\zm^-y^jzm 

X m^m\Z y ^ y ^-pimum^^ tltz Ji y ^ 7 VyZf 

^m. ^n}z%^'m\<DU^t^^m.^m^^m\^x:tm^WL 

y=^'^n^t ^H^iz. ±,^JLy^7Vy^U^\zn\^ 

xm^m\zy.y ^y ^-^mum\\:.^t^^i^^m^ }Lizm 
\z. Jiz%z%mvvy^(D_^\z^m.^^x^^'^mvi^y=f' 

¥m<tJ:y^y^^r7orzib<DyJ}^ 
^y^:^y^7hyy'tVX±t^m^m^mv^. ±l2hU 

y'^^^^in^^mit:j^y'^y^^^2LmL. iiiBhu 
y^^m^<t^R'cf±td7i^ V yv z3ytf^ibf^^m\z^L. 
xm^^\z±§^m^m^±t^m^t^^^:r.y^y^{^. 

ti\zj:0. U V U =1 y f}^iE>fi^^m\zMhxmM^^z± 

\zj:y^y^-r^:i:mt.. JitEm i(ounRzs±mh u 
y^^mm^tmz^ Lxm^^\z ±m:!n >; y^jz^y-fy^^b 
m ^ ±t^^mf)^ ^ j^y y ^^-r ^jzm ^ ^ o 
[0015] ^^fiBgcoMtcsfjco^^Mc^ns^, m^^m 
h uy^^mfi!Si't^rz^coyjii\t. m i oym^^nrzm 

umL. m3<Dm^^nrzm^^mL. mitm^zni^x 

m^^^z j: y ^ y ^-pimr^mtR-^ txtz:x: y ^ 7 h yy't^ 



( 5 ) 



7 

\z'mA(Dm^-^tifzm^^xi^m'^^^ t^\z. ±i25> 
m huy'^(o^\zmm^'^xm^m v uy^^^mr^ 

V y ^J :3y^^iB<t:ry^y^'r^i:mh. ±a2hl/> 

M vxmRm\z±mm^m ^ ^ y y 

m\zMVxmRm\z:y:y^y^'r^j:mt^m^^. 
[0016] 

[0017] ^6 73^1^ 1 3 ^mmi^xj: 0 WBizm^^ 

^7^^2 XI 0' ^i^T/' c m') 7:>^e*^J5£^na(D;:?^iff ^ 
^ 1 (D^^^^M a 4 ^ 1 (^il^^^fcm^^^ 

r ^ci:-9 icAVu^^^ 3 2 (ommzmn^n^. zcDm 

lantern ^\t. ^10 0 :^>^*X h a—Af}^^^^ 5 0 0 

[ 0 0 1 8 ] m 2 (DM mm z 6f}^. m2 <DmR^nrzm 
^z^^(D±y3xm 3 4co±(cis:tt^n 
^2 cD.^^^^ 3 6 ti, m I coumm 3 4 \zMLxm 
^m\zjiy^yif-pjmx^^. -mti^x. 

tl. 0 0:t>yx hD— A;^>i^^ 1 0 0 0:^>i?"X 

^ 3 6 >^?^^(7)±® 3 7 ^^U^r^r-^ fe(7>(h bT|?£H^-r 
[0 0 19] m^-^tiTzXy ^7. V v 'i' (J^y^y^'W 

±) ^mf)^ibf^^m^m 3 s f)^. m3 om^-^nr^m^ 
m^^^zjiy^y^ssmxho. s i , n. (^^o.^^-fb^fei 

^500:t>^*XhD-A;^ib^^l3 00 0:t>i7* 
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8 



[0 0 2 0 ] mr ^^m-r^t. m^mss. %2<om 
%^m3^. 'm\(DUtAm3 4^xsn)\^^^m.3 2i^)\^ 
^ tiE.ojii^x y=^y^-^nx^m huy^4 
0 ^^j^^r^bTu^. ii!,mxhn\t. m 3 iz^T^^^w.'i^ 

(D-f yy'y y h 2 6 i: [^^i;^ci;5^'il-Y >:/^>h<£:M/> 
5^4 0 co^^f^tc^^t^ c: <h7:i*-e^-6. 

[ 0 0 2 1 ] m8 ^^mr^ h uy^^mmmM 4 
2t)K m4 (Dm^^tirz^m^^m-r^^v^z^^cDi^ 

^\zj:y =^.yi^ojmx^r) . ^r^. ^2<Dt-^i^% hu> 

tz. jiy^7.hyy'^^n\t. h uy^^mt^nizMbx 
m^^^zjiy'^y^'^mx^^. z<Dm^m\zi^\t-^^tff 
^ Li^ h u.y^^m^:in<Dm\:i. s i Oi (om^mit^ 
x^^.^<D,k-vfj:m^t^\t. r EosmM(Diin€m^ 
(D^WiizX'Dxmm'^it^c t^^x^. ^fz. t$:-m\zft: 
cxn-s^m-BcU^yxit 'j yx f- h:>i/'r^ c tfj^x^ 

20 UT, ^ 2 0 0 0 ^>i7'x h AT^^e*^ 3 0 0 0 :t> 

ii7*x h D-A-r^^cD^^iff ^ bli. m?L^^s huy^^^ 
m<ti^^, iff^L^^m4<Dm^^nrzm^'hm<ti. 

[ 0 0 2 2 ] ^9^#MT^)<h, 3 8 ^^m^tX 

X. m4 2\Z^^mt:sLy^y^^'^:^im'^nxi^^. 
^BJtC:foMt^^i6X^ff ^ L ti^^p^^fko: y^y{f^%\t. 

it^^u^m^mm (cmp) x^^. m 4 2i)mit^i)^ 

30 CDCMPX5 ';cOMti. KOH^lzm^^CD S i 

0. 3 5 ^ D >c^x 'y^>^*M^^t)rc ^ ^9IC^ 

[0 0 2 3 ] ^10 ^^m-t^t. s m.2 

(Di^p^m 3 6 h ix >5"^i^*^^^f 4 2 fc^Lx^g^e^ 
s^:^^b]i^6titcx'y ^>y^n. m2cD^;imm3 
6 ±:^tz?^tB-r ^ h u>^3^j^^^*^fot:^- 4 4t)^ 

?^^nxv^^. :ioJ:p(cLx, !^i&M3 STi^^^MTif^b 

x-y5^>i>*^n. 3 7 (Diia^m^(D±m\z^Lx^ 
[ 0 0 2 4 ] [mi 1 <&#M-r^ §^Eii-rst:^-44 

m 2 co*jt:|s[^ 3 6 ic^tbxts^etil::. ^fccmt'^ 
ftLxm^<D±m 3 7 \zMLX^S:im\zm^m^ZJ:y^ 

y^^^n. hyy^4 o co^^\z\'i.mm 4 2f}m^x\^'^ 
^113 6 (Dm<TyjxKz>yv zi y^m^n 3 2 (D±m 

<kO ^mi^-tUt:)-^±y7(D'^-$ ^X. ^y—44^J^y 
50 [OO25]1112^#0Sf^t.m2 COM^^® 3 5 
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6 7>^*:^ U -> 'J 3 >:^^ b^i^^n^^^CDX ^>i^^{4^ 
U n >H F / HN O, / Ht OO^b^^-^^ ^^fjffi-r^ C i 

[ 0 0 2 6 ] mi 3 ^pmr^t. m 3 4 si^j^cnEc^ 

[ 0 0 2 7 ] :^^m(DiX^^rs.-yu±:7.i)m 1 4 7!;M^ 

t^, m3\z^-rm^mwT(D^ y-:/^ > ]^ tmmu^m^ 
[ 0 0 2 81^15 ^#M-r^ mm:^imm(D huy 
u>5^3-5"^ >^5 0 fi. m^3 0 a ^mit^i^^zm 

[ 0 0 2 9 ]' igf 1 6 4tU i/(J 3>75^e,J^ 

m4(Dm^'^nrcm^^xmm-^nx^^^. ^4 2 a 30 

ti. z.(Dmmm^zioi^x\t. U 3 >coA;i/r5^^^ 3 2 

Z2-T-^ 5 0 ^m^-f. m^3 2 (vU=i>) 

h u>f-4 0 (^'t'co^ u y «; 3 >^^5^ 42a \zmmT 

[0030] Hir^^HP^-r-S^h. ^42a ti^is^tx 

¥S{bx^y ^>^*lc:^-r^^?i?'ci:x-y h yy't LX 

X v^T. h-y 7'^ 3 8 ^^V^T. CM P t:: cfc-:? T^T^ CO 40 

[ 0 0 3 1 ] ^18 <&#3i-r^ 3 8 t^, hU 

y^^m-^^^) a yRzsm i (omitrnm 3 4 izmvx 

[ 0 0 3 2 ] ^19 t , §^ii5-r^t'^-4 4 

7)^ ^ 1 ©^{t^^ 3 4 tC^bT^g^e^tCjitRe^tCX^y 



4# J^^ 6 - 4 5 4 3 2 
10 

T. ^(DWiM 3 4RZ^Z,n\zmL\.^Un4 2 a(Dm^^ 
'^/x-AAvbX-y 9^>>/-r-5> C tft^X^^. 

[ 0 0 3 3 ] ±m<Dtkm\tm^iim^ohmrirz>^^^ 
^tz^h. ^\z. y 'J zjyommy h uy^om^t^ 
-^m\z;h^it^^wmu h uy^^mm^'^mm-f 

h "yyvT.^fim^'^n^ y u n >^®icii^^^-^x 
^ci7^d:<, cuvy.m^(ow-m.^:^y^y^(Dmzv 

^. 

[ 0 0 3 4 ] 

[[^11 ^^^o^t^%(D'^xm,m\^tz'^^^m<D:^m\z^^ 

[^2} mi\z^r^WT.i^(D:^<ow^^m<D^m:Ln 
[ir3] m2\z^^mmjim(o'A<o'^^^mo:>^m^^ 
[1^4] m3\zi^-t^'^y.n(o:^<D^^t^m<Dmmxm 

\z^^mi co':^X"/N<&7KT^!SllTf^'2>o 
[^6] :;^^0^co^^^3lxfll::^^¥^#'^x-/N0 

^ >t ^ ^-riKsgfi^T'ciiM® ^ x $y ^ , 
00 X— /^^^-r^®^x 

[^9] 8.^C^■r^^l31X^CD^;!)^:(Dm^X^^C^^El 6 

[^10] m^\z^^'^mmi,m(D'^<D^wjm\zh^m 

6 co::7X — /\^^T^©^X$>-5, 
[im 1 1 ] 1 0 IC^T5Eft 3lxmO^CD5a31XfitC 

m 6 coc^x— /N=^?K-r ^® nx^^o 
[H 1 2} 1^ 1 1 {c^-r^a^xfio^^©®^x?iic^^ 

1 3] ^ 1 2 t::7KTMMXficD:;^0D^liX^itc 

[^1 4] :^^Bj(7)f^#e*j7^:;^y£©^'&^^Xfifc^^ 
^ ^ O X - A CO gfi M- CO m IB§ KjVj: ^ M ^ X ^ . 

1 5] 1^ 1 4 \z^-t^wx.^<D'^<D^m.:Lmz^h 

mi 4 CO^^X— E^MI^X^^. 

[^16] ^15 \z^.'t ^mJim(D:k(om^:Lmzh ^ 

mi 4<D^:3L—j\^ ^.-r ^ M ^ X ^ ^ „ 
[liii 71 mi %\z^.'t^mjz^(0'A(D^m.:Lm\z^^ 
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1 1 

[im 1 8 ] 1 7 tc^TiJaSx^c7>;^cDiia 
^14 (DO :xL — /\^7r^'tWj^m"Ch^o 

3 0 3 2 



3 4 B 1 t^t^*^ 

3 7 S=tS(D±® 

4 0 h V >^ 

4 2 h U >5'^ 

5 0 h U > ^ 3 
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1 2 

3 6 ^2 

3 8 

4 2 >5^3te 



4 4 t:^ — 




[^4 1 

im 3 ) 




[iil 6 ] 

im 5 ] 

— ^ J8 J7 
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( 8 ) 



im9 ] 
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[^11] 



[^12] 







[Ef 1 5 ) 



[^163 




30a 



42c 




[HI?] 




30a 



42a 
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[IM 1 9 ] 




7 ^ V ti'^mmy^ 1^:^^^M 8 3 7 0 6, 
X-f • 'TU:^- 2 4 2 7 



